Abstract-A negative potential is applied to an object in plasma consisting of methane or acetylene in order to coat a solid thin film such as DLC (Diamond -Like-Carbon) on a material surface. The method is called Plasma-based Ion Implantation (PBII). Since mechanical objects commonly possess complex shapes, it may be difficult to coat DLC on them in a uniform manner. This non-uniformity in thickness has been studied in many papers, and it has been reported that it is improved by applying a pulse potential repeatedly to the coated material. Using a scratch test, we studied the local adhesion of DLC coated by PBII to SUS304 thin plates attached at several places in a trench-shaped cathode. We found that the adhesion gets greater, in order, for the plates at the side, the bottom of the groove in a trench, and the top of a trench. In order to explain the results, further studies are required.
I. INTRODUCTION Thin solid films such as DLC (Diamond -LikeCarbon) are coated onto the surface of mechanical tools and molds for the purpose of improving resistance to wear, corrosion, and fatigue. The coating is commonly carried out by ionizing methane or acetylene by RF (radio frequency) and depositing radicals and ions on a substrate to which a negative potential is applied by a self-biased capacitor or an external pulse power supply. The method called PBII (Plasma-based Ion Implantation), in which a negative potential is applied repeatedly in a pulse to a substrate immersed in plasma, was proposed in order to increase the uniformity of thickness in coating a substrate that has a complex shape [1] . It, however, is still difficult for such a substrate to be coated uniformly [2] - [6] .
It may be important that the thin film be coated on a substrate having a complex shape in a homogeneous manner not only in terms of its thickness but also in terms of its quality. The thickness of a film coated on a trench-shaped substrate was experimentally studied [3] Before the DLC is coated on the substrate, the vacuum chamber is filled with Argon gas at a pressure of 2.0 Pa., the RF (13.56 MHz) of 150W is powered on, and a pulse potential of -5 kV is applied in order to clean the surface of the substrates for 30 min. Then, the argon gas is replaced with methane gas at the same pressure, and a potential of -2kV, -4kV, or -6kV is applied for 60 minutes to coat DLC films on the SUS304 substrates. removed by acetone after coating. Then, the thickness was measured by stylus profilometer. B. Scratch test The diamond stylus slid on the DLC-coated SUS 304 plate with an increasing load. Table 1 shows the scratch test conditions: the stylus material and figure, the feed speed, and the load rate. We obtained the critical load at which the film begins to be detached from the substrate. The point of detachment was identified by a microscope. An example of the ploughed groove is shown in Fig. 3 . One division corresponds to 0.1 mm. The starting point of the plough is indicated by the circle in Fig. 3(a) , and the ploughed groove becomes increasingly deep, as is shown in Fig. 3 . The white portion near the center of the circle in Fig. 3(b) displays the SUS304 ground, i.e. it indicates the thin film detached from the substrate. The critical load can be evaluated by measuring the distance from the starting point to the point of detachment. Figure 5 shows the film thickness and the critical load of the DLC films with the different coating times. The thickness of the film coated for 120 minutes is almost twice as great, but its load was not distinctly different from the other film. The critical load is not dependent on the film thickness. The amplitude of an electric field and the rate of its time change may be different for different sections of a trench [5] and this affects the content of Carbon and Hydrogen in the DLC. The phenomenon may be more complex, and if this is so, we cannot explain clearly the reason for differences in film adhesion. The facts we have brought out, however, may be useful in improving the performance of DLC-coated blades of cutting tools. Fig. 3 (a) and (b), respectively.
carried out. Incidentally the negative potential is -2kV. Note that there are obvious correlations between the critical load shown in Fig.4 and the hardness and that the film on the side of trench groove is harder than the films at the top and the bottom of a trench.
30
:20 C. Film hardness Figure 6 shows the local hardness of the films measured by a nano-indenter. The substrate is silicon, instead of SUS304, but the effects of a material of the substrate on film hardness may not be very large. The DLC coating by the same conditions as in SUS304 was Fig. 6 It can be supposed that the strength of the electric field and the time behavior are different for different sections of the trench. The electric field on the side section is not always normal to the trench surface; the ions can be incident with slanting angles to the substrate. There is a possibility that they affect a molecular bonding state in an amorphous manner at the border between the substrate and the film as well as affecting the content of hydrogen and carbon in the film. The former case would strengthen the adhesion, while the latter might decrease the frictional coefficient, i.e. the stress that is put on the border. In conclusion, the identification of the cause that the film on the substrate -563 - attached at a side of the trench demonstrates higher adhesion by a scratch test needs to be studied further.
